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1976. -Studies in mice indicated that splenectomy influenced neither the erythrocyte and leukocyte total and differential values nor the erythrocyte survival. The right femoral marrow erythrocyte and nucleated cell counts were also not altered by splenectomy, and compensation for the important splenic contribution to erythropoiesis was in the form of marrow erythroid hyperplasia with a drop in the myeloid:erythroid ratio from 2.79:1.00 in intact mice to 1.44:1.00 in splenectomized mice. The spleen was the most important site for the sequestration of erythrocytes as monitored by tissue localization of 51Cr-labeled erythrocytes, and this function was assumed by the liver in splenectomized mice by almost doubling its activity. The total residual body count was, however, significantly decreased (P < 0.01) by splenectomy.
spleen; survival; leucocytes STUDIES ON THE EFFECT of splenectomy on mice have been limited to the measurement of erythrocyte lifespan and destruction by the reticuloendothelial system (17). The results have indicated that the spleen constitutes the most important organ in the normal sequestration of erythrocytes but that when it is extirpated its function is assumed by the liver, so that the erythrocyte life-span is not altered. However, information on the influence of splenectomy in mice on basic hematological parameters such as blood erythrocyte and leucocyte values and bone marrow cytology has apparently not been reported. In a study concerned primarily with the effect of splenectomy on murine trypanosomiasis (l), data were accumulated from normal intact and splenectomized mice on basic hematological values, bone marrow cytology, and erythrocyte life-span and sites of sequestration. This study is a record and discussion of the findings.
MATERIALS AND METHODS
The mice used in these studies were of two strains: i) 16 syngeneic NIH mice at 6-8 wk old weighing approximately 25 g, and ii) 46 inbred CFLP mice which were exbreeders about 6 mo old and weighed approximately 35-45 g.
Half the mice in each group were intact (IM), whereas the other half were splenectomized (SM). Splenectomy was performed using bentobarbitone anesthesia (0.6 mg of active principle per 10 g body wt), and the mice were rested for at least 2 wk after surgery before being used in the experiments. All mice (IM and SM) were given drinking water, containing 1.2 g of oxytetracycline powder per liter ad libitum to suppress secondary bacterial and protozoa1 infections.
Hematological and bone marrow studies. These were carried out on CFLP mice (15 IM and 15 SM). Mice were bled intracardially after tichloroethylene anesthesia using heparin as anticoagulant. They were subsequently killed by cervical fracture. Thin blood films were made and stained with Giemsa (5), packed-cell volumes (PCV) were determined by the microhematocrit method, the hemoglobin concentration (Hb) by the oxyhemoglobin method (5), the erythrocyte count by an electronic counter (Coulter Electronics, England), and leucocyte count by the hemocytometer method using 1% HCL as diluent (15). For reticulocyte determination, blood was stained with brilliant cresyl blue stain (5), and 500 cells were counted and the percentage of reticulocytes was calculated. For the bone marrow studies, the right femur of each mouse was extracted soon after death and was freed of all muscle tissue. The epiphyses were chipped off carefully, and the marrow was expelled into 2 ml of buffered physiological saline (pH 6.8) by a plastic syringe to which the bone was attached by a rubber tubing. The marrow cavity was then flushed twice to remove all cells, and the marrow was immediately dispersed in the saline by a whirlmixer. The marrow cell population was determined by the hemocytometer method using a diluting fluid prepared according to the method of Hulse (9). This fluid stains the nucleated cells, making it possible to distinguish them from the unstained erythrocytes. Bone marrow smears were also prepared from the saline suspension using a cytospin centrifuge (Shandon Elliot, England), and after fixing in methyl alcohol these were stained by the May-Grunwald-Giemsa technique as described by Lynch et al. (13) . Five hundred cells were classified on each slide, and the myeloid:erythroid ratio (M:E) was determined.
Radioisotope techniques. Blood collected from homologous mice in each case was incubated with radioactive sodium chromate (Radiochemical Centre, Amersham, England) for 1 h at room temperature. Each sample was subsequently washed twice with buffered (pH 6.8) sterile physiological saline and made up to the original volume. Sixteen NIH mice (8 IM and 8 Approximately 10 min after this injection, and subsequently almost every day until the end of the experiment, 40-50 ~1 of blood were collected from each mouse through the tail vein into heparinized microhematocrit capillary tubes. The PCV of each sample was determined after centrifuging in a microhematocrit centrifuge for 6 min, and the erythrocyte column was broken off from the rest of the tube. The sealed end of each sample was broken and the erythrocyte content expelled into a plastic counting vial containing 2 ml of caustic soda solution, the weight of the erythrocytes being the difference between the pre-and postexpulsion weights of the column. The samples were stored in a refrigerator at about 4°C until the end of the experiment when their radioactivities were determined on a gamma scintillation counter (model 4230, Nuclear Chicago, Ill.).
The counts per minute per milligram erythrocytes of each sample was calculated, and regarding the lo-min sample as lOO%, the daily sample counts were expressed as percentages for each mouse. For each group of mice (IM or SM), the mean daily percentages were determined and the points plotted against time on a semilog paper. Regression analysis on these points was performed, and the theoretical regression line was drawn through the points. The half-life (TG) values of the "Cr-labeled erythrocytes were calculated from the regression equations. In the case of the NIH mice, the curve showed two clear components and the data were treated separately.
To estimate the activities of various organs in sequestration erythrocytes, the tissue distribution of residual radiolabel was studied in NIH mice. After the last bleeding on day 22, each mouse was killed by ether overdosage. The tissues were separated as liver, spleen, and carcass (i.e., the rest of the body), and each was deposited into a counting vial containing 2 ml of form01 saline. The radioactivity of each sample was determined as for the erythrocytes. The total residual body activity was the sum of those of the individual tissues from which the percent content in each tissue was calculated.
RESULTS
Data on the erythrocyte values and bone marrow cytology are presented in Table 1 . For all erythrocyte parameters studied, there was no significant difference between IM and SM. Similarly, no significant differences were found between the total as well as nucleated and erythrocyte populations of the bone marrow of the right femur. The only significant change was related to the M:E ratio which dropped from 2.79:1.00 in IM to 1.44:1.00 in SM, and this was associated with a normoblastic hyperplasia that occurred in the SM. The femoral bone marrow has been utilized by other workers as an index of the general cellularity of the bone marrow of the mouse (2) and rats (9), and counts carried out by these workers and the author indicate that no differences in marrow cell counts exist between the left and right femurs.
The mean leucocyte total and differential counts are reported in Table 2 . For all values determined, there was no statistically significant difference between the IM and SM. Basophils were not encountered in either group of mice. Data on the survival of 51Cr-labeled erythrocytes are presented in Table 3 . In the CFLP mice, splenectomy did not influence the survival of erythrocytes. In the NIH mice, the 51Cr disappearance curves of IM and SM had two components, the transition point occurring around days 9-11. Associated with this, each group had an initial T1/2 similar to values obtained for the CFLP mice, and a shorter T1/2 calculated from the second phase of the curve. However, for either the initial or latter components, splenectomy did not influence the T1/2 values. The 51Cr disappearance curves of the NIH mice are presented in Fig. 1 with the associated changes in PCV values of NIH and CFLP mice.
The mean group values of the terminal tissue distribution of 51Cr in NIH mice are presented in Table 4 . It will be seen that in the IM the radiolabel was fairly evenly distributed between the three tissues, with the spleen being slightly the most important compartment. In the SM the liver became the major site for the sequestration of the erythrocytes, whereas the carcass retained significantly (P < 0.05) less radiolabel. The total residual body count was also reduced (P < 0.01) in SM.
DISCUSSION
The findings in this study indicate that as studied at least 2 wk postsurgery, splenectomy did not significantly influence the erythrocyte and reticulocyte values. This is interesting in view of the importance of the V. 0. ANOSA trauma to be normal, whereas in one case there was an increase in eosinophils and two showed an increase in the proportion of erythropoietic elements; this finding is understandable in view of the noninvolvement of the human spleen in normal erythropoiesis.
Splenectomy did not influence the total and differential leucocyte counts. Walderman et al. (18) reported that splenectomy in the dog did not produce any significant changes in total leucocyte count. However, Lipson et al. (12) observed marked leucocytosis mainly due to neutrophilia in humans, particularly during the 1st wk after surgery.
The 51Cr-labeled erythrocyte studies (Table 3) indicate that splenectomy did not influence the erythrocyte survival. This finding agrees with the findings of Ultmann and Gordon (17) in mice, and similar results have been reported in dogs (18) and man (20). However, Ultmann and Gordon found that splenectomy slightly but significantly increased the erythrocyte life-span in rats. One interesting finding in this study is the biphasicity of the disappearance curves of the young NIH mice, yielding TV2 values slightly below the results of other investigators for inbred mice from the initial O-9 days of the study and values well below normal for the latter 11-22 days (Table 5 ). The survival time of 12.8 days for both groups of CFLP mice is also slightly below values recorded for inbred mice. It is postulated that the large volumes of blood (40-50 ,ul) removed almost daily from the NIH and CFLP mice in this study must have been responsible for these shorter values, and it is apparent that the smaller and younger NIH mice (25 g) would be (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) g). The changes in PCV values associated with this study (Fig. 1) tend to support this view, for the NIH mice showed a significant depression of PCV values which was most obvious on days 7 and 8; on two Z-day periods when bleeding was discontinued, these mice showed definite improvements of the PCV values. Repeated withdrawals of 0.1 ml (100 ,ul) of blood from mice have been found to cause anemia (16) and to increase reticulocytes from 6.4 to 18.3% (10). Radioisotope evaluations of tissues after injection of 51Cr-labeled erythrocytes have been applied to locate the sites of erythrocyte sequestration in laboratory animals (11, 17, 19) . The results on the tissue distribution of "Cr in the present studies indicate that the spleen, with 37.7 t 2.1% of total body activity, was the most important site for the destruction of erythrocytes, with the liver and the rest of the carcass being responsible for 31.0 t 1.4 and 31.3 t 0.9% of this activity, respectively.
At the time of these measurements on day 22, the blood count had dropped to 13.2% of the initial value. Ultmann and Gordon (17) found the distribution, in terms of initial amount injected, to be 14.4, 11.6, and 2%, respectively, for the spleen, liver, and carcass (kidneys, lungs, heart, and all bones only), amounting to 51.43, 41.43, and
